Multiphoton imaging and quantitative analysis of collagen production by chondrogenic human mesenchymal stem cells cultured in chitosan scaffold.
We used the combined imaging modality of multiphoton autofluorescence and second-harmonic generation microscopy to investigate the chondrogenic process of human mesenchymal stem cells cultured in chitosan scaffold. Isolated human mesenchymal stem cells seeded onto chitosan scaffold were induced to undergo chondrogenesis by addition of the transforming growth factor-&#x03B2;3. After continuous culturing, the engineered tissues at the same scaffold location were imaged at different time points for up to 49 days. Using the acquired images of the chondrogenic process, we quantify tissue morphogenesis by monitoring the changes in multiphoton autofluorescence and second-harmonic generation signals from the engineered tissues. We found that the extracellular matrix generation can be modeled by an exponential function during the initial growth stage and that saturation occurs between days 11 and 14. Further, the growth rate of the extracellular matrix was found to increase toward the surface of the chitosan scaffold. Our work demonstrates the use of multiphoton microscopy for performing long-term monitoring and quantification of the tissue engineering process.